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AIR  CURTAIN  MACHINES 
FOR  FOOD  SERVICE  FACILITIES 

1 INTRODUCTION 
Background 

Using  wire  or  fabric  screening  on  doors  to  exclude 
small  living  insects  is  not  always  possible,  particu- 
larly where  traffic  through  the  door  is  heavy,  the 
insect  population  in  the  immediate  area  surrounding 
the  doorway  is  dense,  and  little  if  any  insect  entry 
can  be  tolerated.  The  use  of  air  curtains  to  exclude 
small  living  insects,  mainly  flies,  from  food  service 
and  commissary  facilities  has  been  a common  prac- 
tice on  military  installations.1 * *  In  addition  to  their 
insect  exclusion  application,  air  curtains  have  been 
used  over  doorways  subject  to  heavy  traffic  to  pre- 
vent excessive  loss  of  conditioned  air  from  build- 
ings.' 

Although  previous  Air  Force  research  had  indi- 
cated that  properly  designed  and  installed  air  cur- 
tains are  about  80  percent  effective  (which  is  more 
effective  than  screen  doors). ' an  extensive  air  curtain 
survey  at  various  installations  indicated  that  air  cur- 
tains provided  "substandard  performance"  for 
exclusion  of  living  insects  from  food  service  and 
commissary  facilities.4 * *  The  Air  Force  also  reported 
that  while  the  use  of  air  curtains  for  insect  exclusion 
is  widespread  in  planned  and  existing  military  facili- 
ties. little  design  guidance  on  equipment  installation 
and  maintenance  is  available  to  Army  Corps  of  Engi- 
neers District  Offices,  facilities  engineers,  and  Air 
Force  Civil  Engineers.  A literature  search  revealed 
that  Air  Force  Manual  (AFM)  163-8'  has  some  guid- 
ance on  air  curtains,  but  is  of  little  help  because  of 
its  lack  of  specifications. 

lAn  y.ttfftrh  crnif!  I ' uluulinn  ot  Air  Curtains  at  Poorwavs  lor 
I \clu\ion  of 'Insects  Prom  Footl  Service  Facilities.  Report  1MSW- 

Hl  F ”4  14'  (Department  ot  the  Air  Force.  August  1974);  and 
/ nyineeriny  Instruction'*.  Commissure  Store  Construction  Pro- 
gram, F>  ’(>  \1(  A and  Surcharge  Programs  (Office  of  the  Chief 
>4  Fnginccrs.  2()  May  1974). 

I J K i» rK  Ml  About  Air  entrance."  Air  Fngineerinfi.  Vol  4. 
No.  o (June  llM»2i.  pp  4-H  42.  and  Vol  4.  No.  7 (July  I%2).  pp 

49  40.  4S 

*4//  PnHinccrinv  I \ot tuition  of  Air  Curtains  at  Doorways. 

‘letter.  MO  Mr  Force  Logistics  Command.  DPS.  Subject:  Air 
( urtain  Survey  ill  October  I4*’4).  with  inclosurc.  HO-  Air  Force 
I "giMics  ( ommand.  S(»\  Subject  Air  Curtain  Survey  (2  Octo- 
ber l'»‘*4i.  .md  letter.  MO-  SAC.  Subject:  Unsatisfactory  Per- 
formance >t  NFSO  Recommended  Air  ( urtain  (20  August  1975) 

shn*l  Scnin  Sanitation  AFM  IfvVH  (Department  of  the  Air 
force.  2.1  February  |972) 


Although  Office  of  the  Chief  of  Engineers  (OCE) 
and  Navy  Facilities  Engineering  Command  (NAV- 
FAC)  personnel  have  indicated  that  neither  the 
Army  or  Navy  has  its  own  design  guidance  on  air 
curtains,  Federal  Specification  00-B-I620"  has  been 
approved  for  use  by  all  Federal  agencies.  The  exist- 
ence of  this  specification  may  be  the  reason  the 
Army  and  Navy  have  not  developed  their  own  design 
guidance.  Although  the  specification  provides  more 
guidance  than  AF'M  163-8,  it  does  not  provide  ade- 
quate guidance  for  properly  specifying  an  air  curtain 
machine.  As  a result,  in  July  1975,  OCE  asked  the 
U.S.  Army  Construction  Engineering  Research 
Laboratory  (CERE)  to  evaluate  and  ascertain  the 
capacities  and  limitations  of  air  curtains  for  insect 
exclusion,  and  to  develop  design  guidance  for  the 
proper  design,  specification,  and  installation  of  air 
curtains  to  be  used  bv  Corps  of  Engineers  District 
Offices  and  facilities  engineers. 

Objectives 

The  objectives  of  this  study  were  to: 

1.  Investigate  the  adequacy  and  effectiveness  of 
commercially  available  air  curtain  machines  in  pre- 
venting insects  from  entering  food  service  and  com- 
missary facilities. 

2.  Provide  design  guidance  and  installation  infor- 
mation for  air  curtain  machines  in  planned  and 
existing  facilities.  The  guidance  was  to  be  designed 
for  use  by  architect-engineers  under  contract  to 
Corps  of  Engineers  District  Offices  and  facilities 
engineers. 

Approach 

The  following  steps  were  used  to  accomplish  the 
goals  of  this  study: 

1.  A literature  search  was  conducted,  and  perti- 
nent reference  material,  including  catalogs  and  data 
provided  by  air  curtain  manufacturers,  was  re- 
viewed . 

2.  A computerized  simulation  of  the  air  stream 
centerline  velocity  profile  was  conducted. 

3.  Preselected  Army  and  Air  Force  installations 
were  surveyed  to  observe  and  evaluate  on-site  prob- 
lems of  air  curtain  machines. 

tHlowrr,  Air  Itarrirr  Kstcral  S|H'Utli.’iitl(til  00- H lt.2(l  ((General 
Services  Administration.  2t>  September  197.4). 
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4.  Based  on  the  information  gained  in  the  first 
three  steps,  design  eriteria  were  developed. 

Organization  of  Report 

Chapter  2 describes  the  air  curtain  machine  and 
summarizes  the  results  of  the  literature  survey  and 
computer  simulation.  Chapter  3 summarizes  the 
field  survey  of  Army  and  Air  Force  installations,  in- 
cluding problems  found  in  the  field  that  contribute 
to  ineffective  performance  and  deficient  design  of 
available  air  curtain  machines.  Chapter  4 | .tents 
the  conclusions  and  recommendations.  Appendix  A 
summarizes  the  manufacturers'  catalog  data,  and 
Appendix  B presents  the  design  guidance  and 
recommended  changes  to  applicable  existing  specifi- 
cations. 

2 AIR  CURTAIN  MACHINES 
Description 

An  air  curtain  machine  has  two  purposes: 

1 . To  repel  flying  insects  by  providing  a sufficient 
outward  air  vector  from  a doorway. 

2.  To  discourage  flies  from  gathering  around  the 
area  surrounding  a doorway  by  taking  advantage  of 
the  fact  that  insects  avoid  a suddenly  changing  envi- 
ronment. 

Names  such  as  air  curtain  fan,  air  barrier,  air 
screen,  fly  fan.  fly  chaser  fan.  and  fly  screen  have 
been  used  interchangeably  throughout  the  air 
curtain  industry.  Although  no  formal  definition  of 
an  air  curtain  exists,  the  scope  of  Federal  Specifica- 
tion 00- B- 1620  describes  it  as  "...  a nonpositive 
displacement  mechanical  device  having  an  axial  or 
centrifugal  fan  impeller  inclosed  within  a housing 
with  an  exhaust  nozzle  and  baffles.  It  is  designed  to 
move  air  across  an  open  entrance  to  provide  an  air 
barrier  to  . . . repel  flying  insects."7 

There  are  two  general  classes  of  air  curtains:  re- 
circulativc  and  nonrecirculative.  In  a recirculative 
air  curtain,  the  air  discharge  outlet  is  located  directly 
opposite  the  receiver  (Figure  1).  The  receiver  re- 
covers the  discharged  air  and  recirculates  it  through 
interconnecting  ducts  back  to  the  discharge  outlet. 

7 Itlnwrr . Air  Harrier.  Federal  Specification  (XI- B . 1020  (General 
Serv  ices  Administration,  2f>  September  197.1). 


SIDE  MOUNTED  UNIT 

Figure  1.  Recirculative  air  curtain. 

The  nonrecirculative  type,  which  has  no  return  duct, 
simply  discharges  the  air  into  the  space  where  insect 
exclusion  is  intended  (Figure  2).  Nonrecirculative  air 
curtains  can  be  either  the  down-draft  type,  which  is 
most  commonly  used  in  department  and  grocery 
stores,  or  the  cross-feed  type. 

Operational  Terminology 

The  following  terms  are  used  to  describe  the 
operation  of  an  air  curtain  machine: 

Air  stream:  A mechanically  induced  layer  of  air 
that  is  employed  at  a doorway  to  prevent  flying 
insects  from  entering  a facility. 

Angle  of  throw:  The  angle  (in  degrees)  between 
the  maximum  centerline  velocity  and  the  vertical;  to 
be  measured  on  the  horizontal  plane.  3 ft  (0.9  m) 
above  the  floor. 

Aspect  ratio:  The  ratio  of  the  length  of  the  dis- 
charge outlet  to  its  width. 

Directional  controller:  Vanes  or  dampers  used  to 
control  the  angle  of  throw. 

Discharge  outlet:  The  opening  from  which  the  air 
stream  is  projected.  The  thickness  of  the  air  stream 
measured  at  the  outlet  in  a vertical  plane  perpen- 
dicular to  the  door  opening  is  the  minimum  thick- 
ness of  the  air  stream. 
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a.  Overhead  propeller  unit. 


Figure  2.  Nonrecirculative  air  curtain. 


Initial  velocity:  The  air  stream  velocity  of  the  dis- 
charge outlet.  It  is  equivalent  to  the  volume  of  flow 
at  the  designed  motor  speed,  divided  by  the  free  dis- 
charge area. 

Mechanical  efficiency:  Ratio  of  power  output  to 
power  input. 

Negative  pressure:  Differential  between  the  indoor 
and  outdoor  pressure  due  to  insufficient  ventilation 
system  make-up  air. 

Power  input:  Measured  horsepower  delivered  to 
the  fan  shaft  at  a rated  motor  speed. 

Power  output:  Power  output  of  a fan  volume  and 
fan  total  pressure. 

Sialic  pressure:  Total  pressure  minus  the  fan 
velocity  pressure. 

Thickness  of  the  air  stream:  Front  to  back  thick- 
ness of  the  air  stream  measured  at  the  discharge  out- 
let on  a vertical  plane  perpendicular  to  the  doorway. 
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Velocity:  The  speed  of  the  air  molecules  to  he 
measured  in  feet  per  minute. 

Velocity  pressure:  The  pressure  corresponding  to 
the  average  velocity  determined  from  the  volume  of 
air  flow  at  the  fan  outlet  areas. 

Volume  of  How:  The  number  of  cubic  feet  of  air 
per  minute  expressed  at  fan  outlet  conditions. 

Operation 

The  energy  content  of  a stream  of  air  issuing  from 
a duct  into  the  atmosphere  is  primarily  a function  of 
the  exit  velocity.  The  change  in  momentum  from 
entrance  to  exit  for  isothermal  air  is  exactly  offset  by 
the  change  in  total  pressure.  The  velocity  pressure  at 
the  exit  represents  a corresponding  amount  of 
kinetic  energy.  Thus,  when  the  air  stream  must  be 
projected  a great  distance  from  the  exit,  a high  exit 
velocity  is  mandatory.  The  fan  must  supply  the 
corresponding  energy  content  through  the  electric 
motor.  In  addition,  the  fan  must  supply  energy  to 
overcome  the  internal  friction  loss  of  the  air  curtain 
unit. 

Results  of  Literature  Review 

In  a facility  and  equipment  fact  sheet  published  in 
1%.V  the  U.S.  Department  of  Agriculture  (USDA) 
endorsed  the  use  of  air  curtains  in  food-handling 
establishments.  The  fact  sheet  stipulated  four  basic 
requirements  for  an  air  curtain  machine: 

1.  Velocity  of  the  air  stream  must  be  at  least  1600 
ft/min  |488  m/min]  (about  18  mph  |29  km/hr))  at  a 
point  3 ft  (0.9  m)  above  the  floor  for  overhead 
mounted  units,  or  1600  ft/min  (488  m/min)  across 
the  entire  opening  for  side-mounted  units.  In  either 
case,  the  air  stream  should  be  at  least  2 in.  (50.8  m) 
wide  (preferably  5 in.  1 127.0  mm])  to  assure  a satis- 
factory barrier  against  persistent  Hying  or  crawling 
insects. 

2.  In  both  overhead  or  side-mounted  units,  the  air 
stream  must  cover  the  entire  opening.  Unenclosed 
and  ductless  overhead  fans  are  seldom  effective  be- 
cause the  air  stream  produced  is  likely  to  dissipate 
before  reaching  floor  level,  thus  providing  uneven 
protection. 


•Fad  Sheet  MID-FH-I  (II. S.  Department  of  Agriculture.  8 
March  l%.t). 


3.  The  air  stream  from  overhead  units  should  be 
directed  downward  and  slightly  outward,  while 
streams  from  side-mounted  units  should  be  directed 
so  they  converge  at  a midpoint  just  outside  the  open- 
ing to  be  protected. 

4.  The  air-stream-producing  device  should  be 
designed  to  produce  full  air  movement  instantly 
when  the  motor  is  switched  on.  The  switch  should  be 
installed  so  that  the  motor  is  activated  automatically 
and  immediately  when  the  door  is  opened. 

IJSDA  no  longer  endorses  this  publication,  how- 
ever. because  several  other  factors,  such  as  local 
wind  conditions,  angle  of  throw,  and  negative  pres- 
sure inside  the  facility,  affect  air  curtain  perform- 
ance. 

AFM  163-8  directs  that  air  curtain  fans  be  used 
over  doorways  where  screen  doors  cannot  be  in- 
stalled or  where  frequent  use  negates  their  effective- 
ness. AFM  163-8  covers  only  two  factors — velocity 
and  width.  It  requires  that  the  air  stream  be  the 
width  of  the  door  opening  and  that  the  air  velocity  be 
maintained  at  1600  ft/niin  (488  m/ntin).  3 ft  (0.9  m) 
above  the  floor.  It  does  not  consider  the  local  wind 
design  conditions. 

The  minimum  velocity  of  1600  ft/min  (488 
m/min)  at  3 ft  (0.9  m)  above  floor  level  is  apparently 
based  on  a curtain  thickness  of  at  least  5 in.  (127.0 
mm).  The  requirement  that  the  air  stream  should 
cover  the  full  width  of  the  doorway  appears  obvious; 
however,  the  manual  does  not  specify  that  the  dis- 
charge outlet  should  be  the  same  length  as  the  width 
of  the  door.  Thus,  some  manufacturers  might 
suggest  that  their  standard  unit  discharge  outlet 
would  provide  complete  coverage  even  though  it  is 
smaller  than  the  width  of  the  door,  because  the  air 
stream  will  fan  out  after  it  leaves  the  outlet. 
However,  for  insect  control,  the  air  stream  should  be 
directed  toward  the  outside.  The  consensus  of  the 
literature"  is  that  the  angle  should  be  15  degrees 
from  the  vertical  and  directed  toward  the  outside. 

Federal  Specification  00-B-1620,  which  is  pre- 
sented in  Appendix  C.  was  found  to  be  the  most 
extensively  written  specification  on  air  curtain 
machines.  It  covers  the  four  necessary  parameters: 
velocity,  thickness,  w idth,  and  angle  of  throw  of  the 

Engineering  Evaluation  of  Air  Curtains  at  Doorways  /'nr 
I xclusion  n/  Inserts  From  Food  Service  Facilities.  Report  No. 
1MSVV  mi  '’4- I4~  i IX’partmcnt  of  the  Air  Force.  August  1474). 


air  stream.  However,  improvements  are  necessary  to 
assure  proper  air  curtain  machine  performance 
under  various  environmental  conditions.  Suggested 
improvements  are  presented  in  Appendix  B. 

Theoretical  Modeling  of  an  Air  Curtain 

Isothermal  J ft  Flows'0 

In  general,  an  air  curtain  draws  air  from  a space, 
accelerates  the  air  molecules,  and  discharges  the  air 
back  into  the  space  at  a higher  velocity,  but  still  in 
the  subsonic  region.  Hence,  one  can  assume  (to  a 
high  degree  of  accuracy)  that  the  temperature  in  the 
space  is  quite  uniform  and  that  the  air  curtain  can  be 
approximated  by  an  isothermal  jet. 

The  centerline  velocity  of  an  isothermal  jet  emerg- 
ing from  a rectangular  discharge  outlet  will  persist 
for  the  first  four  thicknesses  of  the  air  stream  (meas- 
ured at  the  outlet),  in  which  the  integrity  of  the  core 
will  remain  practically  unchanged.  From  about  four 
times  the  air  stream  thickness  to  a distance  approxi- 
mately equal  to  the  width,  multiplied  by  four  times 
the  aspect  ratio,  the  centerline  velocity  (for  rectangu- 
lar outlets  of  large  aspect  ratio)  will  decrease  as  the 
square  root  of  the  ratio  of  the  air  stream  thickness  to 
the  throw  . 

From  the  Streamline  equation  for  an  isothermal 
tlow.  the  centerline  velocity  (Vx) , at  a distance  X 
(feet)  from  the  outlet  is 


where  VG  = the  initial  outlet  discharge  centerline 
velocity  (fpm) 

H0  = the  thickness  (feet)  of  the  air  stream  at 
the  discharge 

X = the  throw  (feet)  of  the  air  stream  from 
the  discharge 

K = the  numerical  constant  used. 

The  numerical  constant  in  the  equation  reflects  a 
discharge  grille  with  a small  deflection  angle.  A com- 
puter program  was  written  to  evaluate  what  initial 
velocity  and  air  stream  thickness  are  required  to  pro- 
duce a required  terminal  velocity.  Figure  3 shows  the 


10 ASllKAI . Handbook  ol  Fundamentals  (American  Socictv  of 
Healing.  Refrigerating,  and  Air  Conditioning  Engineers.  1472); 
and  Fan  Engineering,  seventh  edition  (Buffalo  Forge  Company. 
1470). 


8 


r=  4.34 


> 

I — 


4000  t 


LL  •iMH0  I 


D 2000 

LlJ 

r> 


W 1000 


0 


X 3 .« 
x e n 

K ~l  C 
X 6 C 
X 6 B 
X 4 B 
< 3.B 


IS 


[XjuJ-fc-inm-jcDiXi 

HIRSTRERM  THICKNESS  IJNCHES1 


- A — 

-4 -t — 

1 — 

t 

— < 

. . 

, . | . 

, . 

, . 

, . 

ca 

l\) 

U.I 

m 

Figure  3.  Computer  simulation  results  for  centerline  velocity  of  1800  ft/min  (488  m min).  SI  conversion  factor: 
I in.  25.4  mm;  I ft/min  = 0.3048  m/min. 


results  for  a terminal  velocity  of  1800  ft/min  (488 
m min).  These  results  wen  used  in  formulating  the 
recommended  design  guidance  presented  in  Appen- 
dix B. 

The  initial  outlet  discharge  centerline  velocity  (V0) 
can  he  calculated  from 

V0  = Q/A()  I Eq  21 

where  Q — the  volume  of  flow  (cfm) 

A0  = the  air  curtain  unit  outlet  free  area 
(sq  ft). 

Air  Stream  Profile" 

The  angle  of  expansion  is  well  defined  near  the 
outlet,  but  the  boundary  contours  are  somewhat 
billowy  and  are  easily  affected  by  external  intlu- 

"<»  I Mol  Irm  . Air  Flow  ill  Discharge  of  Fan  Pi /*•  l ines  in 
Mines  Koporr  ol  Investigation.  K I .17.KMU.S.  Bureau  of  Mines. 
November  HM.I).  p llJ;  and  Carrier  Company  Handbook  of  Air 
Conditioning  System  Design  (McGraw-Hill  Book  Company. 
I%5). 


cnees.  The  rectangular  outlet  will  produce  a jet  that 
rapidly  expands  into  an  elliptical  cross-sectional 
shape  at  a short  distance  from  the  outlet  face,  and 
then  to  a circular  shape.  The  rate  >f  expansion 
depends  primarily  on  the  aspect  ratio  tnd  air  stream 
thickness.  Measured  angles  of  expansion  for  dis- 
charge into  large  open  spaces  have  usually  ranged 
from  14  to  24  degrees  with  an  average  of  22  degrees. 
Jets  discharging  into  relatively  small  spaces,  such  as 
vestibules,  show  smaller  angles  of  expansion. 

3 FIELD  SURVEY 

Army  and  Air  Force  installations  were  visited  to 
observe  and  evaluate  the  deficiency  in  air  curtain 
machine  performance.  Army  installations  visited 
were  Fort  Hood,  TX.  Fort  Lee.  VA.  and  Fort 
Benning,  GA.  Air  Force  installations  visited  in- 
cluded C'hanute  AFB,  IL.  Offutt  AFB.  NE, 
McClellan  AFB.  CA.  and  Kelly  AFB.  TX.  The 
evaluations  were  based  on  installation  and  perform- 
ance effectiveness,  unit  operating  conditions,  and 
environmental  conditions  affecting  equipment  cffec- 
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liveness.  In  addition,  opinions  of  installation  person- 
nel were  obtained. 

Personal  opinion  as  to  the  effectiveness  of  the  air 
curtains  ranged  from  favorable  to  unfavorable.  The 
only  general  conclusion  that  could  be  drawn  w as  that 
most  management  personnel  indicated  that  the  air 
curtains  were  effective  and  that  there  were  no  fly 
problems  on  the  premises.  Personnel  from  the  veteri- 
narian offices  who  were  asked  to  assess  the  tlx  -con- 
trol problem  indicated  that  flics  were  a problem. 
Personnel  at  two  of  the  installations  also  reported 
favorable  reactions  to  electronic  fly  control  (black 
light)  devices  in  use  at  their  installations.* 

Most  of  the  air  curtains  surveyed  were  unsatisfac- 
tory in  excluding  insects  based  on  air  stream  velocity, 
angle  of  throw , thickness,  and  outlet  w idth.  Condi- 
tions and  factors  observed  to  be  contributing  to  this 
ineffectiveness  are  described  below. 

1.  Damaged  or  inoperable  units.  Some  of  the  air 
curtains  surveyed  had  been  partially  damaged  or 
were  inoperable,  but  had  not  been  serviced.  In  a few 
instances,  air  curtains  were  operating  ineffectively  or 
were  unsafe  because  of  damage  sustained  from  im- 
proper maintenance  or  lack  of  maintenance. 

2.  Negative  pressure.  Mechanical  exhaust  and 
ventilation  in  most  of  the  facilities  visited  created  a 
mechanical  negative  pressure  condition  in  the 
interior  of  the  building  that  drastically  decreased  the 
effectiveness  of  the  air  curtain  machines.  Negative 
pressure  in  the  building  tends  to  induce  a horizontal 
flow  into  the  building. 

.1.  Installation.  It  was  observed  that  air  curtains 
installed  inside  doorways  brought  in  dust,  debris, 
and  small  insects  at  floor  level  because  of  short 
circuiting  of  the  air  current  and  improper  directional 
damper  settings  (Figures  4 through  6).  Some  of  the 
units  were  installed  too  high  above  the  top  of  the 
door  frame,  making  the  air  stream  too  weak  to  effec- 
tively expel  small  flying  insects  from  the  doorway 
(Figure  7a),  Some  of  the  units  did  not  provide  full- 
width  coverage  at  the  top  of  door  (Figures  7b  and  c). 

4.  Maintenance.  Most  air  curtain  manufacturers 
claim  that  their  products  are  maintenance-free.  It 

•Fleet  runic  II v control  devices  may  be  used  in  Air  Force  facili- 
ties away  from  food  preparation  and  serving  areas,  per  Letter. 
( fuel.  I S \F  Veterinary  Services  Division.  Subject:  Klectronic  Fly 
Control  Devices  l2  October  1975). 


was  observed,  however,  that  the  inlets,  outlets,  and 
motors  of  all  units  installed  in  kitchen  areas  were 
thickly  coated  with  grease,  which  contributed  to 
decreased  fan  efficiency  and.  in  certain  cases,  re- 
sulted in  motor  burn-up  due  to  motor  overheating. 
In  one  location,  a bird's  nest  was  found  in  the  dis- 
charge outlet. 

5.  Wind  conditions.  Some  air  curtain  machines 
observed  were  unable  to  stop  the  w ind,  a prerequisite 
for  preventing  insects  from  entering  a building.  No 
guidance  exists  on  accommodating  local  w ind  condi- 
tions when  selecting  an  air  curtain  machine  for  fly 
control. 

b.  Accessibility  of  air  curtain  machine's  ON /OFF 
switch.  Air  curtains’  ON /OFF  switches  were  found 
to  be  accessible  to  unauthorized  personnel  w ho  could 
turn  the  units  off  when  they  should  have  been  in 
operation. 

7.  Improperly  sized  air  curtain  machines.  Most 
installed  units  have  discharge  outlets  shorter  than 
the  w idths  of  the  door  openings,  as  observed  in  pre- 
vious Air  Force  studies.12  In  addition,  most  of  these 
units  do  not  have  a directional  adjustment  for  the 
angle  of  throw.  They  do.  however,  have  directional 
adjustments  to  divert  the  air  stream  sideways,  thus 
providing  full  "air  stream"  coverage  above  the  door 
opening. 

8.  Weak  spots  in  the  air  stream.  Some  of  the  units 
surveyed  had  weak  spots  in  the  air  stream  at  the  dis- 
charge outlet  which  had  inadequate  air  stream 
velocity. 

9.  Air  curtain  machines  for  patron  doorways.  No 
separate  air  curtain  velocity  requirements  exist  in 
Federal  Specifications  for  patron  entrances  and 
exits.  With  the  present  velocity  requirements,  the  air 
curtains  are  very  annoying  to  patrons.  National 
Sanitation  Foundation  (NSF)  Standard  No.  .17" 
recommends  a separate  air  stream  requirement  for 
patron  entrances  and  exits. 


,2Lctter.  HO.  Air  Force  Logistics  Command.  DPS.  Subject:  Air 
Curtain  Survey  (II  October  1974).  with  inclosure.  HO-  Air  Force 
Logistics  Command,  SGV.  Subject:  Air  Curtain  Survey  (2 
October  19-4);  and  Letter.  HO.  SAC.  Subject:  Unsatisfactory 
Performance  of  AFSO  Recommended  Air  Curtain  (20  August 
1975). 

'M/r  Curtains  ft>r  Entrance* avs  in  Food  Establishments. 
Standard  No.  .V7  (National  Sanitation  Foundation.  2.1  July  1970). 


a.  Air  curtain  machine  installed  13  ft  (3.96  nt) 
above  door  and  does  not  have  an  angle  of  throw 
of  15  degrees  outward. 


Air  curtain  machine  does  not  provide  continuous 
full-width  coverage  at  top  of  door. 


c.  Same  problem  as  b.  Note  damage  to  unit  on  right 


iguro  7.  Improper  installation  of  air  curtain  machines 
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CONCLUSIONS 

AND  RECOMMENDATIONS 


Conclusions 

The  field  survey  revealed  that  most  of  the  air  cur- 
tain machines  in  Army  and  Air  Force  installations 
have  been  ineffective  in  excluding  small  (lying  in- 
sects because  of  product  deficiency  and  insufficient 
technical  guidance.  These  problems  have  sometimes 
been  compounded  by  improper  equipment  installa- 
tion and  maintenance.  Proper  design,  installation, 
and  maintenance  of  air  curtain  units  can  provide 
more  effective  insect  exclusion.  The  following  con- 
clusions regarding  design,  installation,  and  mainte- 
nance were  drawn  based  on  this  study. 

1.  Units  must  have  proper  discharge  outlet 
length,  exit  velocity,  and  directional  adjustment  for 
angle  of  throw. 

2.  Local  wind  characteristics  must  be  considered, 
and  wind  breakers  should  be  used  to  alleviate  local 
wind  problems. 

.1.  Building  pressure  balance  must  be  designed  to 
maintain  proper  (neutral)  pressure  in  the  building. 

4.  A thicker  air  jet  at  lower  velocity  is  more  effec- 
tive than  a thinner  jet  at  higher  velocity. 

5.  Units  must  be  installed  near  the  top  of  the  door 
Irame  and  outside  the  space  the  air  curtain  is  to  pro- 
tect. 


b.  Air  curtain  units  must  receive  regular  preven- 
tive maintenance  and  be  checked  for  proper  adjust- 
ment to  exclude  flying  insects  on  a continuing  basis. 

Recommendations 

The  following  recommendations  are  based  on  the 
results  of  this  study: 

1.  Properly  designed  and  installed  air  curtain 
machines  should  be  used  at  doorways  in  food  service 
laciiities.  commissaries,  and  subsistence  warehouses 
where  personnel  traffic  is  high  and  installation  of 
screen  doors  is  not  possible. 

2.  The  design  guidance  presented  in  Appendix  B 
should  be  implemented. 


3.  Federal  Specification  00-B-1620.  with  the 
changes  recommended  in  Appendix  B.  should  be 
used  for  Army  and  Air  Force  air  curtain  machine 
procurement. 

4.  A study  should  be  conducted  to  determine  the 
effectiveness  of  electronic  fly  control  devices  as 
supplements  to  air  curtain  machines  for  fly  exclu- 
sion. 
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APPENDIX  A: 


SUMMARY  OF  MANUFACTURERS’  DATA 

Table  A I summarizes  product  data  provided  by 
air  curtain  machine  manufacturers.  The  products 
are  described  briefly  below. 

Air  Economy  Corporation* 

Air  Economy  Corporation’s  L0-Dor  machine, 
which  is  used  for  buildings  such  as  post  exchanges, 
commissaries,  hospitals,  schools,  etc.,  is  available  in 
high  and  low  velocity  models.  For  the  high  velocity 
unit,  it  is  important  to  specify  the  use  of  a 4 to  5 in. 
(101. b to  127.0  mm)  wide  nozzle  with  a velocity  of 
lti(X)  ft  min  (487.7  m/min)  at  3 ft  (0.4  m)  above  the 
floor.  For  the  low  velocity  unit,  a nozzle  width  of  8 to 
10  in.  (203.2  to  254.0  mm)  with  a velocity  of  600  ft/ 
min  (182.4  m/min)  at  3 ft  (0.4  nt)  above  the  floor 
should  be  specified. 

Chase  Industries,  Inc. 

The  Chase  fly  screen  units  are  made  of  18-gage 
paintlock  metal,  doubly  protected  with  gray  mist 
preventive  coating.  Each  motor  has  a double  ex- 
tended shaft  operating  two  squirrel  cage  blower 
wheels  and  fan  housings.  The  unit  has  no  belts  or 
pulleys  to  be  maintained  or  wear  out. 

Directional  controls  in  the  3 in.  (76.2  mm)  wide 
nozzle  help  control  and  direct  air  How.  The  fly  screen 
requires  a minimum  space  of  1 4 1 2 in.  (0.37  nt)  in 
height  and  projects  11 1 4 in.  (0.24  m)  from  the  wall. 
Installation  is  simple;  adjustable  brackets  require 
only  four  screws  or  other  fastening  devices  to  attach 
the  unit  to  the  wall. 

Dynaforce  Corporation 

Dvnaforee  manufactures  several  air  curtains  for 
different  applications.  The  standard  unit  covers  the 
entire  " tilth  of  the  doorway.  The  F I unit,  which  is 
designed  lor  insect  control,  is  of  the  nonrecirculating 
type.  I his  unit  should  be  installed  on  the  inside  of 
(lie  doorway.  The  unit  can  be  hung  from  the  ceiling 


•Information  on  these  manufacturers'  products  was  inadequate 
li»  permit  inclusion  in  Table  Al. 
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with  four  ' i-in.  (12.7  mm)  diameter  steel  rods.  Ceil- 
ing suspension  is  recommended  to  prevent  the 
machine  from  falling  if  a fork-lift  truck  strikes  the 
wall. 

King  Company  of  Owatonna 

King  recommends  that  their  air  curtains  used 
for  insect  control  be  installed  on  the  outside  of  the 
doorway.  A clear  surface  above  the  door  is  required 
to  mount  the  unit.  For  maximum  results,  it  is  recom- 
mended that  the  bottom  of  the  air  curtain  unit  be 
positioned  just  above  the  top  of  the  door  frame.  The 
unit’s  discharge  outlet  should  be  designed  to  cover 
the  entire  width  of  the  doorway. 

Mars  Air  Doors* 

The  Mars  Air  ( urtain  needs  only  to  be  bolted  to 
the  wall  with  three  fasteners  and  connected  to  an 
electrical  power  source.  Adjustable  volumetric  • 
damper  controls  are  provided  to  regulate  the  rate  of 
air  flow. 

Mars'  CH  models  are  recommended  for  normal 
inseet  control  conditions  which  exist  at  receiving 
doors  in  commissaries,  post  exchanges,  restaurants, 
hospitals,  etc. 

Nieco  Division,  NPI  Corporation 

Nieco  manufactures  three  series  of  air  curtains: 

1 . The  LTV  Series  of  air  curtain  units  is  designed 
for  industrial  applications  (8  to  10  ft  1 2 .4  to  3.0  m] 
high  doors)  w here  insect  or  w ind  protection  is  impor- 
tant. The  units  are  built  for  outdoor  installation, 
with  practically  no  maintenance  required  according 
to  the  manufacturer. 

2.  The  MTV  Series  is  designed  for  the  same  pur- 
pose as  the  LTV  series,  but  has  different  discharge 
velocities. 

3.  The  HTV  Series  gives  three  types  of  Nieco  air 
screens.  No  information  on  installation  of  the  equip- 
ment is  available  for  this  series  of  units. 


♦Information  on  these  manufacturers'  products  was  inadequate 
to  permit  inclusion  in  Table  Al. 
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Tabulation  of  Manufacturers'  Product  Data 
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APPENDIX  B: 

RECOMMENDED  DESIGN  GUIDANCE 
AND  CHANGES  TO  EXISTING 
SPECIFICATIONS 

Design  Guidance 

I.  All  air  curtain  machines  lor  fly  control  should 
be  installed  on  the  outside  of  doors  opening  to  spaces 
where  11  y control  is  intended. 

? Ait  curtain  machines  should  have  a directional 
adjustment  tor  the  angle  of  throw  that  will  permit 
the  air  barrier  to  be  directed  at  angles  of  15  to  20 
degrees  off  the  vertical  center  and  toward  the  outside 
of  the  opening.  Proper  markings  for  the  angle  setting 
should  be  indicated  on  the  machine’s  casing.  A fail- 
safe device  should  be  built  into  the  machine  to  return 
the  angle  of  throw  to  15  degrees. 

.1.  I urning  vanes  should  be  used  in  air  curtain 
machines  whenever  abrupt  changes  in  air  flow  direc- 
tion are  involved. 

4 A pressurizing  box  should  be  used  in  air  cur- 
tain machines  to  produce  a uniform  outlet  velocity. 

5.  for  dining  facility  and  commissary  patron 
entrance  doors  up  to  8 ft  (2.4  m)  high,  air  curtain 
units  should  be  installed,  preferably  in  vestibules,  on 
the  outside  of  the  doors.  The  air  stream  at  the  dis- 
charge outlet  must  be  at  least  8 in.  (20.1.2  mm)  thick 
and  be  able  to  maintain  a minimum  uniform  outlet 
velocity  ot  1200  ft  min  (366  ni/min). 

ti.  for  a service  door  up  to  8 ft  (2.4  m)  high,  the 
air  stream  should  he  adjusted  for  local  wind  condi- 
tions* as  follows: 

a.  I ight  local  wind  conditions:  minimum  outlet 
air  velocity  and  thickness  should  be  2800  ft/min  (853 
m min)  and  4'  ; in.  (1 14.3  mm);  minimum  uniform 
velocity  3 ft  (0.4  m)  above  the  floor  should  be  1600 
ft  min  (488  m min). 

b.  Moderate  local  wind  conditions:  minimum 
outlet  air  velocity  and  thickness  should  be  3000  ft/ 
min  (814  ni  min)  and  4'/j  in.  ( 1 14.3  mm):  minimum 
uniform  velocity  3 It  (0.4  m)  above  (he  floor  should 
be  1800  It  min  (544  m min). 


‘VVirxi  conditions  defined  in  the  197 2 ASHRAH  Handbook  <»/ 
I undamrntoh,  Table  I.  Chapter  VV 


e.  High  local  wind  conditions:  minimum  outlet 
air  velocity  and  thickness  should  be  3000  ft/min  (814 
m/min)  and  6 in.  (152.4  mm);  minimum  uniform 
velocity  3 ft  (0.4  m)  above  the  floor  should  be  2000 
ft/min  (610  m/niin). 

7.  For  10-  to  12-ft  (3.0  to  3.7  m)  high  door  open- 
ings to  subsistence  warehouses  exposed  to  the  out- 
side. the  air  stream  should  be  adjusted  for  various 
local  wind  conditions  as  follows: 

a.  Light  local  wind  conditions:  minimum  outlet 
velocity  and  air  thickness  should  he  3200  ft  'min  (475 
in  min)  and  6 in.  (152.4  mm),  uniform  velocity  3 ft 
(0.4  m)  above  the  floor  should  be  1600  ft/min  (488 
ni/min). 

b.  Moderate  local  wind  conditions:  minimum 
outlet  velocity  and  air  thickness  should  be  3500  ft/ 
min  (1067  m/niin)  and  6 in.  (152.4  mm);  uniform 
velocity  at  3 ft  (0.4  m)  above  the  floor  should  be  1800 
ft/min  (544  m/min). 

c.  High  local  wind  conditions:  minimum  outlet 
air  velocity  and  thickness  should  be  4000  ft/min 
(1213  m/min)  and  6 in.  (152.4  mm);  minimum  uni- 
form velocity  at  3 ft  (0.4  m)  above  the  floor  should  be 
2000  ft/min  (610  m/min). 

8.  Key-operated  air  curtain  machine  switches 
should  be  installed  to  prevent  unauthorized  person- 
nel from  turning  off  air  curtain  units. 

4.  Devices  should  be  installed  to  activate  deacti- 
vate the  air  curtain  units  for  overhead  doors  before 
after  the  doors  have  been  raised  closed. 

10.  If  a negative  pressure  exists  in  the  building, 
modifications  must  be  provided  to  allow  make-up  air 
to  enter  the  building. 

11.  Where  possible,  a 3 to  6 in.  (76.2  to  152.4 
mm)  overlap  on  each  side  of  the  door  should  be  pro- 
vided. 


Changes  to  Existing  Specification 

The  following  sections  of  Federal  Specification 
00-B-I620  should  be  modified: 

I . Section  3.5.2  should  be  modified  to  specify  that 
for  insect  control,  the  angle  of  throw  is  to  be  directed 
toward  (he  outside  of  the  area  to  be  protected. 
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2.  Section  3.5.5  should  be  modified  to  specify  that 
no  directional  adjustment  vanes  should  be  provided 
lor  any  directional  adjustment  other  than  the  angle 
of  throw  in  all  air  curtain  machines  for  insect  exclu- 
sion. 

In  addition,  this  section  should  specify  that  the 
discharge  nozzle  ol  the  air  curtain  unit  or  a multiple 
installation  should  be  at  least  as  wide  as  the  entryway 
and  should  provide  continuous  uniform  air  stream 
coverage  at  the  top  ol  the  entryway  to  be  protected. 

' It'  Section  3.K.  the  words  “and  the  air  stream 
shall  be  at  least  2 inches  wide"  should  be  deleted.  In 
addition,  a requirement  for  patron  entryway  should 
be  included. 

4.  In  Section  4.3.3,  the  words  “four  feet  wide  and 
seven  feet  high”  should  be  deleted. 

5.  Section  4.3.6  should  indicate  that  the  thickness 
ol  the  air  stream  is  to  be  measured  at  the  air  curtain 


unit  discharge  outlet.  Paragraphs  2.  3.  and  4 of  this 
section  should  be  modified  as  follows: 

а.  Paragraph  2 should  be  modified  to  specify  that 
measurements  are  to  be  taken  at  6-in.  (152.4  mm) 
intervals  with  the  first  and  last  measurements  to  be 
taken  at  each  side  of  the  door  opening.  In  addition,  a 
sweeping  velocity  measurement  at  the  outlet  of  the 
ait  curtain  machine  should  be  taken  to  assure  a con- 
tinuous uniform  air  stream  at  the  outlet. 

h.  Paragraph  3 should  be  modified  to  include  a 
minimum  outlet  velocity  requirement  for  air  curtain 
unit  tor  patron  entryways. 

e.  Paragraph  4 should  be  modified  to  include  hot- 
wire anemometer. 

б.  In  Section  6.1,  the  sentence  “The  air  barriers 
specifically  covered  by  this  specification  are  intended 
for  an  opening  four  feet  wide  by  seven  feet  high  but 
the  options  provide  for  specifying  other  size  open- 
ings" should  be  deleted. 


APPENDIX  C: 


FEDERAL  SPECIFICATION  00-B-1620 


Q0-E-1620 

Se rtpaber  ?6.  1973  — 
SUPERSEDING  , . 
INT.  FED.  SPEC.  W-F-001360(GSA-FSS) 
March  15*  I960 


FEDERAL  SPECIFICATION 
BLOWER,  AIR  BARRIER 


This  specification  was  approved  by  the  Commissioner,  Federal  Supply 
Service,  General  Services  Alcini at ration,  for  the  use  of  all  Federal 
agencies. 


1.  SCOPE  AND  CLASSIFICATION 

1.1  Scope.  This  cpecif ieation  covers  a nor.positive  displacement  mecnanical  device  having  an  axial 
or  centrifugal  fan  Impeller  inclosed  wltrun  a ; mousing  with  an  eu  aunt  nozzle  and  baffles.  It  is  designed 
to  move  air  across  an  open  entrance  to  provide  ar.  air  barrier  ic  minimize  heat  loss  or  gain  and  repel 

flying  insects. 

1. ;  Classification.  Blower  air  barriers  covered  by  this  specification  shall  be  of  the  following 
V,  peu  (see  0.2). 

Type  I - Insect  control. 

Type  II  - Thermal  control. 

2.  APPLICABLE  DC CliiENTS 


2.1  The  following  documents,  of  the  issues  in  effect  on  date  of  invitation  for  bid3  or  request  for 
prupc^al,  form  a Dart  of  this  specification  to  the  extent  specified  herein: 

■•il-ra.1  Specifications: 


FPP-B-991 
F?P-R-fc01 
PPP-B-621 
i ;'F-ii-o40 


Boxes,  Shipping*  Piberooard,  Wood-Oleated. 
Boxes,  Wood,  C leated-P lywood. 

Boxes,  Wood,  Nailed  and  Lock  -Comer. 

Boxes,  Piberboani,  Corrugated,  Triple-Wall. 


!»’  •,)!  Standards: 

Fed.  Std.  No.  123  - Narking  for  Domestic  Shipment  (Civil  Agencies). 

(Activities  outside  the  Federal  Government  may  obtain  copies  of  Federal  Specifications,  Standards, 
jid  I00K3  ruj  outlined  under  General  Information  in  the  Index  of  Federal  Specifications  and  Standards 
■in  i at  tr.e  prices  indicated  in  the  Index.  The  Index,  which  includes  cumulative  monthly  supplements  as 
risued  is  for  sale  on  a subscription  basi3  by  the  Superintendent  of  Documents,  U.  3.  Government  Printing 
Office,  Washington,  DC  20402. 

|Si ;:^le  copies  of  this  specif ieation  and  otner  Federal  Specifications  required  by  activities  outside 
the  Mderal  Government  for  bidding  purposes  are  available  /Ithout  charge  from  Business  Service  Centers 
at  the  General  Services  Administration  Regional  Offices  in  Boston,  New  York,  Washington,  DC,  Atlanta, 
dnicago,  Kancr^j  City,  MO,  Port  Worth,  Denver,  San  Francisco,  Los  Angeles,  and  Seattle,  WA. 

(Federal  Government  activities  may  obtain  copies  of  Pcderal  Specifications,  Standards,  and  Handbooks 
find  i"  Index  of  Federal  Specifications  and  Standards  from  established  distribution  points  in  their 

ngepc 1 cs , ) 

Ml  1 1 t^ry  specifications: 

?•' I — P — 1 1 6 - Preservation,  Methods  of. 

! >■  i ry  Stnndnrds: 

’’ { L-g?D-309  - Sampling  Proced  ireH  and  Tables  for  Inspection  by  Attribute*. 

!»'II^-v)TD-.129  - Marking  for  Shipment  and  Storage. 

KIL-3TD-130  - Identification  Marking  of  U.  S.  Military  Property. 

PSC  4140 
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(Copies  of  Military  Specifications  and  Standards  required  by  suppliers  in  connection  with  specific 
procurement  functions  snould  be  obtained  from  the  procuring  activity  or  as  directed  by  the  contracting 
officer.) 

2.2  Other  publications.  The  following  documents  from  a part  of  this  specification  to  the  extent 
specified  herein.  Unless  a specific  issue  is  identified,  the  issue  in  effect  on  date  of  invitation  for 
bids  or  request  for  proposal  shall  apply. 

Underwriters1  Laboratories  (’JL)  Inc.  Standards! 

No.  50/  - Electric  Fans. 

(Application  for  copies  should  uc  addressed  to  the  Underwriters'  I*aboroatone3,  Inc.,  Walt  '•'•'hitman 
Rd.(  Melville,  L.I.,  M.Y . 11  49;  333  Pfingsten  Hoad,  Box  247,  Northbrook,  IL.  60062;  1655  Scott  r.lvd., 
Santa  Clara,  CA.  95050;  2602  Tampa  East  Blvd.,  Tampa,  FL.  33619;  or  207  East  Ohio  St.,  Chicago,  IL. 
60611.) 

National  Electrical  Manufacturers  Association  (NEKA)  Publications: 

No.  MG1  - Motors  and  Generators 

(Application  for  copies  should  be  addressed  to  the  National  Electrical  Manufacturers  Association, 

155  Ea3t  44th  Street,  New  York,  N.Y.  10017.) 


National  Motjr  ? Ir-d'fic  Association,  Inc.»  Agent: 

National  Motor  Freight  Classification. 

^Application  for  copies  should  he  addressed  to  the  American  Trucking  Association,  Inc.,  Tariff  Order 
Section,  1616  P Street,  N.W.,  Washington,  DC  20036.) 

Uniform  C Unification  Comm;  ttee . Agent: 

Uniform  Freight  Classification. 

(Application  for  copies  should  be  addressed  to  the  Uniform  Classification  Committee,  Room  1106, 

222  South  iverside  Plaza,  Chicago,  IL  60o06.) 

American  National  3t ancaids  Institute,  Inc.,  (ANSI)  Standard! 

SI. 4 - 1961  - General  Purpose  Sound  Level  Meters. 

(Application  for  copies  should  oe  addressed  to  the  American  National  Standards  Institute,  Inc., 
x430  Broadway  , New  .ork,  N.Y.  10018.) 

3.  requirements 


5*1  lid  and  crecroduc tion  samples. 

5*1*1  A cid  sample  s' all  be  submitted  for  inspection  as  specified  in  the  Invitation 

or  aids  to  act ermine  compliance  with  surjective  requirements  not  covered  by  a specific  test  in  Section 
4.3  or  referenced  specifications. 


3.1.2  Prep reduction 


Q t * unless  ot.ierwise  specified  (see  6.2),  before  production  is  commenced, 

c in  trap  t f n ^ ccvered  tflis  specification  shall  be  submitted  or  made  available  to  t.., 

oon  racting  officer  or  is  authorised  representative  for  approval  in  accordance  wit-,  4.3.1.  ip-rovai 
r P-P-?ocuon  s aspic  out  .onscs  the  commencement  of  production  tut  uocs  not  relieve  t:.e  ur..-r 
-TaDlAh^ll  hi  J f°e  C°~*)1.umCC  *lt:1  applicable  provisions  of  this  specification.  T.-.e  pro  prediction 
items!  ^ manufactured  in  the  sane  facilities  to  be  used  for  the  manufacture  of  the  production 
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3. 1.2.1  Aaivor  cf  rrip-oJv;  ty-.  sample  tectc.  Preproduction  • saa-.ple  tests  may  be  waived  provided 
the  contracting  officer  finds  ::  ui  tr.e  model  offered  by  the  contractor  is  equal  to  or  superior  in 
quality  and  performance  mid  neetu  .U.1  the  requirements  of  this  specif ication.  This  determination 

may  be  aade  v . visual  examination  or  oy  comparison  of  component  parts,  bills  of  materials,  or  dra.vingr 
of  a model  previously  found  acceptable  on  a Government  contract,  provided  the  contractor  furnishes 
copies  of  certified  test  data  covering  previous  testa  of  this  model  to  t.ie  contracting  officer.  . • ti  t 
data  must  indicate  compliance  wit:,  tt.e  specified  teat  conditions  and  must  nave  been  Obtained  as  a r-.ult 
of  tests  conducted  wit:. in  tf.e  past  4 years  on  an  identical  type  blower  air  barrier  furnished  on 
Government  contract.  In  addition  to  test  data,  a certified  statement  to  tie  effect  that  the  blower  a< r 
barriers  being  fumiohpd  rare  identical  with  those  previously  tested  will  be  required. 

3.2  f ire  uni  casual  ty  ruizaras. 

3.2*1  Kuch  supplier  ohaJl  submit  to  the  contracting  agency  proof  that  the  blower  air  barrier  he 
proposes  to  supply  under  this  specif ication  conforms  to  the  requirements  of  the  Underwriters' 
Laboratories,  Inc.,  UL  Standard  607,  as  applicable.  The  UL  Label,  or  listing  mark  will  be  accepted  as 
evidence  that  the  blower  air  barrier  conforms  to  these  requirements. 

3.2.2  In  lieu  of  the  label,  or  listing  mark,  the  contractor  may  submit  independent  proof, 
satisfactory  to  the  contracting  agency,  that  the  blower  air  barrier  conforms  to  the  applicable 
requirements  of  the  published  standard  including  methods  of  tests  of  the  Underwriters*  Laboratories 
Standard  ‘,07. 

3 • 2 . 3 Compliance  with  the  above  preliminary  requirements  in  regard  to  fire  and  casualty  hazards  doc" 
not  absolve  the  contractor  from  compliance  with  the  other  requirements  of  this  specification  in  order 
to  secure  acceptance  of  his  material  or  appliance. 

3.3  Material . All  material  used  in  the  blower,  air  barrier  shall  be  new,  have  smooth  even  surface  <t- 
ond  shall  be  free  of  any  defects  that  nav  affect  its  scrvl  ''AAbili  ty  or  its  appearance. 

3. 4 Cor,  tr  u -tlon.  The  design  and  fabrication  of  the  blower  air  barrier  shall  be  such  as  to 
minimize  tne  retention  of  moisture  and  dust  and  to  facilitate  inspection,  servicing,  maintenance  and 
cleaning.  All  air  blowers  shall  be  complete  and  assembled  electric  motor  driven  machines.  The  material 
shall  be  of  sufficient  thickness,  adequately  reinforced  and  insulated  to  eliminate  excessive  noise 

and  vibration.  All  joints  and  reams  shall  be  closed  except  that  joints  may  be  made  by  overlapping  onsets 
of  metal  in  a vertical  pi  ne  in  such  a manner  as  to  eliminate  dirt-catcning  horizontal  edges,  r.iectnr  ol 
wiring  to  the  mo  tori  s)  shall  be  adequately  insulated  and  anchored  to  prevent  contact  with  the  fan  blnie 
assembly.  "nlesa  otherwise  specified  (see  the  wiring  shall  terminate  in  a junction  box  mounted 

on  an  outside  surface  of  the  air  barrier,  and  shall  be  suitable  for  outdoor  U3e. 

3.6  Tom;  r.»--nt  parts. 

3.6.1  '"-'Tifrd.  The  blower  air  barrier  shall  essentially  consist  of  a housing,  plenum,  one  or  more 
electric  c.  oro,  fan  blade  assembly  or  assemblies,  discharge  nozzle,  and  other  parts  not  specifically 
men l . ..-d  but  ? »ic  . are  essential  to  fora  a complete  assembled  operating  unit. 

3 .6.2  ' : r.g.  Unless  a specific  location  is  specified  (see  6.2),  the  housing  shall  nave  air  intake 

parts  or.  >ne  end,  both  ends,  top  or  front.  All  air  intake  openings  shall  be  protected  by  a screen  '.v:r. 
openings  no  greater  tnan  3/4  inch  minimum  dimension  and  wnen  the  guard  is  lower  than  7 feet  from  the 
floor,  the  minimum  opening  snail  be  no  greater  than  1/2  inch.  An  adjustment  feature  shall  oc  included 
tliat  will  perait  the  air  barrier  to  be  directed  at  angles  of  16  to  20  degrees  off  the  vertical  center 

of  the  opening. 

1.->.3  " r rr;.  Motors  shall  conform  to  the  requirements  of  KHMA  Standard  Publication  No.  MS  1,  Motorr 

i hnv  .ate  star-ting  torcue  to  start  the  fan  and  3hall  be  capable  of  operating  the  fsn 

: :i'  • icr  maximum  Toad  without  exceeding  tne  maximum  allowable  temperature  rise  specified  in 

UL  Standard  607. 

3. 6.3.1  : “nr  1.%;:  , Bearings  shall  be  ball,  6leeva,  or  spherical  sleeve  type.  They  shall  be  of  tf.e 
maintenance  free  permanent  lubrication  type. 

3.6.4  y ■ l-.  I 1 a-i e q--. r, o r, : i;. , The  fan  blade  assembly  or  assemblies  shall  be  mounted  directly  on  the 
motor  shaft  or  cay  be  belt  driven.  They  shall  be  of  a design  and  size  that  will  adequately  move  the 
required  volume  of  air  necessary  to  meet  the  air  velocity  requirements  (see  3.8). 

3. 6.4.1  F n b;il on: e- vibrations.  The  rotating  components  of  the  type  I and  II  blower  air  barriers 
ouall  be  balanced  to  tne  extent  tr.at  the  total  vibration  in  both  the  horizontal  and  vertical  planes 
does  not  exceed  the  vibration  levels  of  0.02  inch  (see  4.3.4). 
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5.5.5  Discharge  nozzle.  The  discharge  nozzle  shall  extend  the  full  width  of  an  opening  (four  feet 
wide)  enabling  the  air  atresia  to  cover  thi  entire  opening.  There  shall  be  adjustable  vanes  to  control 
the  directional  air  flow. 

5.6  Performance.  Unless  a different  size  opening  is  specified  (see  6.?),  blower  air  barriers 
furnlohed  under  this  soecification  shall  be  eapnble  of  providing  an  air  barrier  at  the  specified 
velocities  (see  5.8)  over  the  entire  area  of  an  opening  four  feet  wide  by  seven  feet  high.  The  air 
barrier  shall  be  designed  to  produce  full  air  movement  instantly  when  the  motor  is  switched  on. 

5.7  Noise  level.  The  noise  level  of  the  blower  air  barrier  at  maximum  Bpeed,  shall  not  exceed 
75  dhA  (see  4.5.5). 

5.0  Velocity.  The  velocity  of  the  air  barriers  shall  be  measured  in  feet  per  minute  (f.p.m.)  when 
subjected  to  the  test  specified  in  4.3*6  and  the  air  stream  shall  be  at  least  2 inches  wide, 

3.8.1  Type  I.  Shall  have  a minimum  air  stream  velocity  of  1600  f.p.m.  measured  at  points  3 feet 
above  the  floor. 

3.8.?  Type  II.  Shall  have  a minimum  air  6tream  velocity  of  600  f.p.m.  measured  at  points  3 feet 
above  the  floor. 

3*9  Instruction  manual.  An  instruction  manual  shall  be  furnished  with  each  blower  air  barrier  tnat 
clearly  instructs  the  user  on  tr.e  proper  installation  procedures,  operation  and  maintenance. 

3.10  Finish.  The  finish  shall  be  of  the  manufacturer* s standard  practice. 

3.11  forking  for  identlf  i cat  ion. 

3.11.1  yilitiry  agencies.  The  blower  air  barnera  6hall  be  manned  in  accordance  with  KXL-STD-130* 

3.  11.2  Civil  agencies.  The  blower  air  barriers  shall  be  narked  with  the  name  of  the  manufacturer, 
contract  number  and  date. 

3 .12  ) r.  The  finished  blower  air  barrier  shall  be  clean  and  conform  to  the  quality  ar.i 
Crude  of  t product.!  csta:2:.\ed  by  this  specification.  All  burrs,  rough  and  sr.arp  edge3  o.-.all  be  reeved 
All  exposel  weld:  or  .earns  a nil  be  ground  saootr.  Tnere  shall  be  no  flaking,  peeling  cr  chipping  f 
paint  or  any  exposure  of  .are  r.^tal.  All  bolt  ar.d  rivet  roles  snail  be  accurately  and  cleanly  pur.c  od 

or  drilled  and  rivet  heads  neatly  finished.  In  general,  the  blower  air  barrier  snail  be  free  from  any 
defects  that  affect  appearance  and  serviceability  and  any  defects  that  may  cause  injury  to  the  user. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  I.-- ruction.  Unless  otherwise  specified  in  the  contract  or  purchase  erder, 
the  supplier  is  responsible  ; >r  t..e  performance  of  all  incpection  requirements  as  specified  herein. 

Except  as  otherwise  specified,  tne  supplier  may  utilize  his  own  facltlitie?  or  any  commercial  laboratory 
acceptable  to  t:.c  government*  The  Government  reserves  tr.e  right  to  perform  any  of  tne  inspections  set 
forth  in  the  specification  w.-.cre  such  inspections  are  deemed  nece33ary  to  assure  that  supplies  ar.d 
services  conform  to  prescribed  requirements. 

4.2  Sampling  for  ir.:.  sect  lor,  and  acceptance.  Sampling  for  inspection  and  acceptance  shall  be  made 
in  accordance  with  the  provisions  set  forth  in  MIL-STD-105»  except  where  otherwise  indicated  r.ereiji . 

4.^.1  I_r.spc ; tion  r f "cr.poncnt.-.  and  materials.  In  accordance  with  4.1,  the  supplier  is  responsible  for 
insuring  that  cczpot'.onis  ana  materials  used  were  manufactured,  tested  and  inspected  in  accordance  wit-< 
the  specified  requirements  of  reference  subsidiary'  specifications  and  standards,  or  if  none,  in 
accordance  with  this  specification. 

4.2.2  Fr, d d j c t in s pe c t ; on , All  blower  air  barriers  of  the  9axe  type  offered  for  acceptance  at  one 

tine  shall  t>e  - nsidered  a lot  for  the  purpose  of  inspection.  The  sample  unit  for  these  inspections  sliall 
be  one  completely  rubricated  blower  air  barrier. 

4 • 2 . 2 . 1 V i iun  exnmlnriticn.  The  completely  assembled  end  item  3hall  be  examined  for  defects  in  finl3-. 
construction,  worKmanmp,  and  marking.  All  instances  of  nonconformance  shall  be  considered  as  a defect 
and  clan.*. if  led  a::  affecting  serviceability*  or  not  affecting  serviceability  of  the  air  barrier.  Acccptabl 
quality  ’.'vela  vAQL)  1 . *;  and  4.0  defects  per  hundred  unite  respectively,  snail  be  used  to  determine 
whether  or  not  the  number  of  defects  warrants  rejection  of  the  entire  lot. 
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Examine 


Defect 


Kajor 


Finish 


Not  finished  as  required. 


Design 


Construction  and 
Workmanship 
general  (applicable 
to  all  components  and 
assemblies 


Assembly 


Marking 

identification 


Any  clxaracteristic  not  in 
accordance  with  the  specified 
requirements.  *■ 

Fractured,  split,  bowed, 

malformed,  or  otherwise 

impaired.  * 

Sharp  burrs,  slivers,  or 

splinters  that  may  be 

injurious  to  personnel.  * 

Not  properly  assembled  X 

or  secured.  Q 

Missing,  incomplete,  not 
legible,  not  as  specified. 


X 


X 


4. 2. 2. 2  Sampling  for  test.  A random  sample  of  air  barriers  shall  be  selected  from  each  lot  offered 
for  acceptance.  The  sample  size  shall  be  in  accordance  with  level  S-2  of  MI J^-S7D--105  with  an  AG L of  4.0 
defects  expressed  in  defects  per  hundred  units. 

4.2.3  Code  and  standards  compliance.  The  contractor  shall  provide  the  Government  representative 
with  proof  of  compliance  with  the  Underwri ters*  Laboratories  requirements  of  3.2. 

4.3  Teats. 


4.3.1  Preproduction  sample  tests.  Preproduction  sample  tests  shall  consist  of  all  test3  specified 
or  described  under  4.3  of  this  specification. 

4.3.1. 2 Place  of  p reproduction  sample  tests.  Preproduction  sample  tests  shall  be  conducted  at  a 
Government  la&oratory  designated  by  the  Standardization  Division,  Federal  Supply  Service,  General 
Services  Administration  or  upon  approval  by  Standardization  Division,  Federal  Supply  Service,  tests 
may  be  conducted  at  a commercial  laboratory?  or  at  the  manufacturer's  plant* 

4.3.2  Lot  acceptance  test.  Unless  otherwise  specified,  the  contractor  shall  furnish  all  samples 
and  shall  be  responsible  for  accomplishing  the  required  test3.  Testing  if  conducted  at  tne  contractor's 
plant,  shall  be  under  the  supervision  of  the  Government  inspector.  Suppliers  not  having  laboratory 
testing  facilities  satisfactory  to  the  Government  shall  engage  the  services  of  a commercial  testing 
laboratory  acceptable  to  the  Government.  Unless  otherwise  indicated,  lot  acceptance  tests  snail  include 
all  testa  specified  or  described  under  4.3. 

4. 3.2.1  Failure  of  any  sample  on  any  test  shall  be  cause  for  rejection  of  the  lot  represented  by  the 
sample. 


4.3*3  Performance  tests.  Tests  as  specified  or  described  under  4.3*4  to  4.3.6  inclusive,  shall  be 
conducted  at  rated  voltugc  and  frequency  of  the  blower  air  barrier.  The  following  testa  3hall  be 
conducted  with  the  blower  air  barrier  nountod  over  an  opening  four  feet  wide  and  seven  feet  high. 

4.3.4  Pan  balance-vj bratlcr.;,.  The  fan  balance  is  indicated  by  measuring  the  vibration  level  of 
the  blower  air  barrier  when  in  operation.  Procedures  are  as  follows: 

1.  Start  the  unit  in  operation,  observe  and  record  the  readings.  Any  of  which  exceed 

0.02  inch  shall  be  cause  for  failure. 

2.  A minimum  of  b readings  randomly  selected  by  the  government  representative  shall  be  taken 

on  the  exterior  surface  area  of  the  blower  air  barrier. 

3.  The  vibration  measurements  shall  be  made  with  a Bruel  and  Kjaer  impulse  precision  sound 
level  meter  type  2204  with  integrator  type  ZRQQ2Q  and  accelerometer  type  4332  or  equivalent.  Frequency 
range  is  between  b and  4000  Hz. 
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•‘..3.4.1  lr  acceptable  to  the  ^ovomser.t,  an  alternate  method  for  determining  vibration  movement 
be  utilized  in  lieu  of  the  procedure  specified  in  4.3.4. 

•*•3*5  No  ire  r.*'  ru-  ur  emer.  t r, , Noise  measurements  shall  be  made  with  a sound  level  meter  conforming 
to  AI»3l  Standard  SI.  4 with  the  blower  operating  at  maximum  speed.  Procedures  are  as  follows i 

1.  locate  the  microphone  on  a tripod  3.^  feet  above  tne  floor  and  ten  feet  awj^y  from  the 

front  and  center  of  tne  blcwer. 

2.  Connect  the  sound  level  meter  to  the  micropnone  and  locate  it  at  least  3 feet  back  of  the 

microphone  so  as  not  to  induce  any  reflectance  from  the  operator. 

3«  The  increase  In  the  sound  pressure  level  with  the  sound  source  ( blower ) operating,  compared 
to  the  ambient  sound  pressure  level  above,  ^witnout  blower)  shall  be  10  AhA  slew  or  more. 

4.  Start  the  blower  in  operation  find  run  for  a period  of  not  leas  than  five  minutes  before  taking 
any  readings. 

S-.  A minimum  of  three  readings  shall  be  taken.  One  at  the  ten  foot  distance  from  the  center  and  in 
front  of  the  blower  fund  or.e  reading  b foot  each  side  of  tne  center  reading  in  the  sane  plane. 
If  the  average  of  tr.e  three  readings  exceeds  “5  dtA,  it  snail  be  cause  for  failure. 

•'•*’•6  Veloci  Ly.  Air  velocity  measurements  are  to  be  cade  with  tne  blower  air  barrier  operating  at 
*.;.e  designed  speed.  The  air  stream  must  cover  the  entire  opening  and  shall  be  not  less  tnan  2-incnes 
•vide  to  assure  a satisfactory  barrier.  Procedures  are  as  follows: 

1.  Start  the  blower  air  barrier  in  operation  and  run  for  at  least  five  minutes  before  taking 

any  readings. 

2.  five  measurements  are  to  be  taken  at  the  3-I'oot  level  evenly  distributed  from  one  side  to  the 

other  of  the  opening,  Axso  readings  shall  be  token  six  inches  from  the  upper  comers  of  the 
opening  to  assure  complete  air  stream  coverage  of  the  opening. 

3.  -**or  the  type  I?  unit;  nny  reading  less  than  1600  FP?.!  or  the  type  II  unit  any  reading  less  than 

bOO  FPU  shall  be  cause  for  failure. 

4.  The  instrumentation  to  be  used  shall  be  the  rotuting  vane  anemometer,  Weather  Measure 

Corporation  Uodel  W-132  or  equivalent. 

*•3.  Ir.r-.r  ectx of  preparation  for  deliver'/.  An  inspection  shall  be  made  to  determine  that  the 
preservation,  packing,  and  marking  comply  with  the  requirements  in  section  3 of  this  specification, 
^efeetr  shall  be  scored  in  accordance  wltn  table  I.  The  sample  3hall  be  one  shipping  container  fully 
pro:  area  for  delivery.  The  lot  size  shall  be  the  number  of  shipping  containers  in  the  end  Item 
inspection  lot.  Sampling  3hall  be  in  accordance  witn  U1L-STD-103,  inspection  level  S-2f  and  the  AQL 
'••'•all  be  4.0  defects  per  hundred  units. 


TAi’LE  I.  Classification  of  defects 


Preservation 


Containers 


Workmanship 


Not  as  specified. 

Not  kind  specified. 

Inadequate  application  of  components  such  as  fan  not 
properly  braced  in  the  box,  incomplete  closure 
of  containers,  loose  strapping  (when  required)  or 
dir  ortion  of  container. 


Omitted;  incorrect;  illegible;  improper  size,  location, 
sequence,  or  method  of  application. 
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5.  preparation  for  delivery 

5.1  Cleaning  and  prer:«M-.'ut  ion.  Cleaning  and  preservation  shall  be  level  A or  C,  as  specified 
(see  6.27. 

9.1.1  Lev  el  A . Each  fan  shall  be  cleaned  by  method  C-l  of  Vil-JP-llt  and  preserved  by  method  Ila  of 
EIL-P-llo. 

9.1*2  Level  C . Each  fan  shall  be  cleaned  and  preserved  to  prevent  corrosion  and  deterioration 
during  shipment  from  the  supplier  to  the  first  receiving  activity. 

5.2  Packing.  Packing  shall  be  level  A,  B,  or  C,  as  specified  (see  6.2). 

5.2.1  Level  k. 

5.2.1. 1 Fan  w j • no u * ^ a b i :\e * , Each  fan  without  cabinet,  preserved,  as  specified  in  5.1.1*  shall  be 
packed  in  a liberooard  box  conforming  to  PPP-B— 640,  class  weather-  resistant,  style  RSC-L.  The  preserved 
fun  shall  be  secured  to  wood  strips  within  the  fiberboord  box.  The  strip  shall  be  positioned  and  braced 
to  prevent  the  preserved  fan  from  moving  or  exerting  pressure  against  the  sides,  ends,  and  top  of  the  oox. 

5.2. 1.2  Fan  with  cut  met.  Each  fan,  with  cabinet,  preserved,  as  specified  in  5.1.1,  shall  be  packed 
in  a wood-cleated  fi be r board , wooa-c leatei  plywood,  nailed  wood,  or  fiberboard  box  confonnmg  to 
PPP-B-591,  clas3  II;  PPP-1-601 , overseas  type;  PPP-B-621,  class  2;  or  PPP-B-640,  class  2,  respectively . 

The  preserved  fan  shall  be  secured  to  wod  strips  'within  the  box.  The  strips  shall  be  positioned  and 
braced  to  prevent  the  fan  from  exerting  pressure  on  the  sides,  ends,  and  top  of  the  oox. 

5.2.2  Level  B. 

5.2. 2. 1 Fan  without  cabinet  ar.d  fan  with  cabinet.  Each  fan,  preserved,  as  specified  In  5.1*  shall  bo 
packed  in  a fiberboard  box  conforming  to  PPP-B-591,  class  domestic,  style  RSC-L.  Blocking  or  bracing 
■hall  be  provided  to  prevent  movement  of  the  fan  within  the  box. 

9.2.3  Level  C.  Each  fan,  packaged,  as  specified  in  5.2,  shall  be  packed  to  assure  carrier  acceptance 
and  safe  delivery  to  destination  nt  lowest  rates,  in  containers  complying  with  the  Uniform  Freight 
Classification  or  National  Motor  Freight  Classification  Rules,  as  applicable. 

5.3  Marking. 

9*3*1  Civil  agencies.  In  addition  to  any  special  markings  required  by  the  contract  or  order,  eacn 
shipping  container  shall  be  marked  in  accordance  with  Fed.  Std.  No.  123. 

9*3.2  V.  1 11  lar,'  qgene  htj . In  addition  to  any  special  markings  required  by  the  contract  or  order 
each  shipping  container  snail  be  in  accordance  with  MII^-STD-129. 

6.  NOTES 

6*1  Intended  use.  These  air  barriers  are  intended  to  be  used  to  provide  an  air  barrier  across 
opening  or  doorway  to  separate  inside  and  outside  air  with  different  temperatures,  or  to  prevent  the 
entry  of  Insects  througn  the  doorway  when  the  door  is  open.  The  air  barriers  specifically  covered 
by  this  specification  are  intended  tor  on  opening  four  feet  wide  by  seven  feet  high  but  the  Options 
provide  for  specifying  other  3ize  openings.  Other  options  provide  for  specifying  velocities  anJ 
outwKirl  angl  tng  of  tne  air  curtain  to  counteract  wind  currents  or  pressure  differentials.  Also 
provided,  are  options  for  specifying  location  of  Intake  ports  wnen  clearance  is  a critical  factor. 
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6*2  Ordering  data.  Purchasers  should  select  the  preferred  options  permitted  herein,  and  include 
the  following  Information  in  procurement  documents: 

(a)  Title,  number,  and  date  of  this  specification. 

(b)  Type  of  fan  (see  1.2). 

(c)  Wiring  connection,  if  different  (see  3*4)  • 

(d)  Size  of  opening,  if  different  (see  3.6). 

(e)  When  angle  adjustment  feature  is  required  (see  3.5.2). 

(f)  Location  of  intake  ports,  when  required  (see  3.5.2). 

(g)  Minimum  velocity  of  type  I fans,  when  required  (se,  T *2. a). 

(h)  Minimum  velocity  of  type  II  fans,  when  required  (se*  3.8.2). 

(i)  Level  of  preservation  and  packing  required  (see  5.  nr d 5.2). 

(j)  Whether  preproduction  sample  is  required  (see  3.1.2). 


6.3  It  is  believed  tiiat  this  specification,  adequately  describes  the  characteristics  necessary 
to  secure  the  desired  material,  and  that  normally  no  samples  will  be  necessary  prior  to  award 
to  determine  compliance  with  this  specification  if,  for  any  particular  purpose,  samples  with  bids  are 
necessary,  they  should  be  specifically  asked  for  In  the  invitation  for  bids,  and  the  particular 
purpose  to  be  served  by  the  bid  sample  should  be  definitely  stated,  the  specification  to  apply 
in  all  other  respects. 


Preparing  Activity: 

GSA-F’SS 

Civil  Agency  Coordinating  Activities! 

CONMERCE  - NBS 
GSA  - PSS 

User  Activities: 

Army  - ME 
Wavy  - YD 
Air  Force  - 82 


MILITARY  CUSTODIANS! 

Army  - ME 
Navy  - YD 
Air  Porce  - 82 

Review  Activities; 

Army  - ME 
Navy  - YD 
Air  Force  - 82 


U.  S.  GOVERNMENT  PRINTING  QrPTCE  : 1973  » - SAA-frOA/lM? 

Order;?  for  this  publication  ure  to  be  placed  with  General  Services  Administration,  acting  as  an  r>gcnl  fer 
the  Superintendent  of  Documents.  See  section  2 of  this  specification  to  obtain  extra  copies  and  other 
documents  referenced  herein.  Price  10  cents  each. 
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CERL  DISTRIBUTION 


IIS  Army,  Europe 
AT  IN’  AlAEN 

Director  of  Facilities  Engineering 
APO  New  York  09827 

DARCOM  STTT-fUR 
API)  New  York  0971 0 

USA  Liaison  Detachment 
A 1 IN.  library 
New  York.  NY  1000/ 

west  Point . NY  109% 

ATTN'  Dept  of  Mechanics 
ATTN  ! ibrary 

Chief  of  Engineers 
ATTN:  DAEN-MCE-A  (41 

ATTN:  rAEN-'*CE-U  (2> 

ATTN:  DAEN-MCZ-S 

ATTN:  DAEN-ASI-L  (2) 

ATTN:  P*»FN-rEB 

ATTN:  PAEN-FEP 

ATTN:  PAEN-FEU 

A~TN : OAEN-FEZ-A 

ATTN:  DAEN-RDL 

ATTN:  OAEN-PMS  (7) 

For  forward inq  to 

National  Defense  Headquarters 

Director  General  of  Construction 

Ottawa,  Ontario  K1A0K2 

Canada 

Canadian  Forces  Liaison  Officer  (4) 
US  Army  Mobility  Equipment 

Research  and  Development  Command 
Ft  Bel  voir,  VA  22060 

Division  of  Bldg  Research 
National  Research  Council 
Montreal  Road 
Ottawa,  Ontario,  K1A0R6 

Airports  and  Const.  Services  Dir. 
Technical  Information  Reference 
Centre 

KAOL , Transport  Canada  Building 
Place  de  Ville 

Ottawa,  Ontario,  Canada,  K1A0N8 

Aberdeen  Proving  Ground,  MO  21006 
a * ’ n . AMXHE/J  D.  deis* 

ri  0e I voir . VA  22060 
ATTN-  ATM  -TD-Tl  (2) 

ATTN-  Kingman  Bldq,  library 

Ft  Monroe,  VA  1651 
ATTN:  ATEN 

ATTN-  ATFfl-FE-U 

Ft  Lee.  VA  23801 
ATTN  IiPXML-D  (?) 

Ft  McPherson . C»A  30330 

ATTN.  AFfN-liP 

i Army  Foreign  Science  A Tech  Center 
AT  IN : Charlottesville,  VA  22901 

ATTN  Fa»  Fast  Office 

USA-WFS 
ATTN-  Library 

N’h  US  Army 
ATTN  AFKC-LO-E 


US  Army  Engineer  District 
New  York 

ATTN:  Chief,  Engr  Div 

ATTN:  Library 

Baltimore 

ATTN:  Chief,  Engr  Div 

ATTN:  Library 

Saudi  Arabia 
ATTN  library 
Pittsburgh 

ATTN  library 
AT  IN  Chirf.  I ngr  Div 
Phi lade l phi a 
ATTN  Librarv 
ATTN  Chief,  NAP1N-D 
Norfolk 

ATTN  Chief.  NAOEN-M 
Huntington 

ATTN:  Library 

ATTN:  Chief.  ORHED-O 
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